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TITLE OF THE INVENTION 
IMAGE FORMING APPARATUS 
5 BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an electro- 
photographic or an electrostatic recording system, and 
10 specifically, relates to a method for transferring a 

developed image from an image carrier to a transfer material 

or intermediate transfer member. 
Description of the Related Art 

[0002] As shown in Fig. 5, a conventional image electro- 
15 photographic system such as a copy machine or laser printer 
typically includes an electro-photographic photoconductor 
(photoconductive drum) 1, which is an image carrier, and an 
electrifier 2 for electrifying the photoconductive drum 1. 
Other components of such a conventional electro-photographic 
20 system include an exposure unit 3 and developing devices 4Y, 

5M, 6C, and 7K for color components of yellow (Y) , magenta 
(M) , cyan (C) , and black (Bk) , respectively. Each of these 
developing devices contains a magnetic material known as a 
developer for carrying toner. 
25 [0003] As shown in Fig. 5, the system works by using the 
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photoconductive drum 1 to form toner images of respective 
CMYK colors. For each drum rotation, toner image is 
electrostatically transferred onto a belt-shaped transfer 
medium (transfer belt 9) opposite the photoconductive drum 1. 
5 For full color images, four colors are superimposed on the 

intermediate transfer belt 9 one upon another and are then 
transferred to the transfer material 20 to form the color 
image . 

[0004] As shown in Fig. 6, during the developing process, 
10 toner image is developed by controlling the potential on the 
photoconductive drum 1, which is uniformly electrified by 
the electrifier 2 to a drum potential Vd = +450 V. Two 
areas of the toner image are formed. First, a non-image 
portion, which is a region where no toner image is developed, 
15 is exposed by the exposure unit 3 (latent forming means) to 

de-staticize this area to a potential VI = +100 V. The 
second area is the image area left unexposed to remain at a 
potential of Vd = +450 V to form an electrostatic latent 
image . 

20 [0005] In Fig. 5, a development potential of Vdc = +250 V 

is applied to the developer device 4Y (Fig. 6) when it 
reaches a designated developing position of the 
photoconductive drum 1. As a result, development is 
performed on the image portion using negative toner from the 

25 developer device 4Y. Development is based both on a factor 
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known as tribo, which is the tribo-electric charge of the 
toner per unit mass, and a difference in potential between 
Vd, the potential on the drum surface for the image portion 
and Vdc, the bias potential applied to the developer device 
5 4Y, that is, Vcont = Vd - Vdc as shown in Fig. 2. 

[0006] The tribo can vary depending on environmental 
conditions such as the absolute moisture content. When 
equal amounts of toner for a color are developed on the 
photoconductive drum 1, a smaller Vcont is needed when the 
10 tribo is low, while a larger one is needed when the tribo is 

high . 

[0007] Even if the environmental conditions are equal, 
the values of tribo vary for different toner colors, and 
therefore, proper values of Vcont are required for each of 

15 the colors in order to develop a proper amount of toner. 
[0008] The potential difference Vback between the 
development potential Vdc and the exposure potential VI as 
shown in Fig, 6, is a potential difference for preventing a 
magnetic carrier from adhering to the drum and/or for 

20 inhibiting toner from adhering to a non-image region. 

Regarding this potential difference, in many cases, there is 
no problem even if the potential difference is constant 
irrespective of environmental conditions such as the 
absolute moisture content and the color. 

25 [0009] Accordingly, when attempting to develop a proper 
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amount of toner on the photoconductive drum 1 in the normal 
development, it is necessary to adjust values of Vcont to 
proper ones for each environment and each of the colors. In 
this case, the drum potential Vd is fixed, and then the 
5 exposure potential VI is changed by an adjustment amount of 
the Vcont by adjusting the exposure amount of the exposure 
unit 3. Then, the development potential Vdc is changed by 
the changing amount of the exposure potential VI, whereby 
Vback is adjusted so as not to change. 

10 [0010] For example, when attempting to adjust Vcont from 

200 V (Fig. 6) to 150 V, as shown in Fig. 7, the drum 
potential Vd is left as it is (i.e., +450 V), and then the 
exposure potential VI is changed to +150 V by adjusting the 
exposure amount of the exposure unit 3 so that the exposure 

15 potential VI changes by the Vcont adjustment amount 50 V. 

Then, the development potential Vdc is changed to +300 V by 
likewise changing it by 50 V. As a result, Vcont is 
adjusted from 200 V to 150 Vback, with Vback left as it is 
(i.e. , 150 V) . 

20 [0011] In this manner, the adjustment of Vcont allows a 

satisfactory developed image to be formed. For the 
optimization of the developing performance of toner of 
respective colors, the values of VI can be set for each of 
the colors . 

25 [0012] A transfer bias is applied to a transfer member 15, 
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which makes contact with the intermediate transfer belt 9 on 
the rear surface side in order to transfer images from the 
photoconductive drum 1 . This also allows the reduction in a 
power supply cost by a low output. The transfer member 15 
5 is usually a contact rotary type roller, hereinafter 

referred to as a "primary transfer roller 15." 
[0013] - Specifically, a charge opposite the toner polarity 
is imparted from the primary transfer roller 15 to a primary 
transfer region to toner image from the photoconductive drum 
10 1 to the intermediate transfer belt 9 in an electrostatic 
manner . 

[0014] During application of a transfer bias to the 
primary transfer roller 15 to pass a current having an 
opposite polarity with respect to toner, if the potential 
15 difference between the exposure potential VI and primary 
transfer roller potential Vtr as shown in Fig. 2 is high, 
the current flows easily, while current flow is difficult 
when the potential difference is low. 

[0015] Even with equal potential differences, if the 
20 resistance of the primary transfer roller 15 is higher, the 

current flow remains difficult. 

[0016] Specifically, current flow through the primary 
transfer roller 15 varies depending on the exposure 
potential of the non-image portion of the photoconductive 
25 drum 1, and the resistance value of the primary transfer 



- 6 - 



roller 15. Therefore, if the current flowing from the 
primary transfer roller 15 can be properly controlled, a 
developed toner image would be primarily transferred in a 
proper manner. 

5 [0017] The resistance value of the primary transfer 

roller 15 is adjusted to a value on the order of 10^ to lO"'-^ 
[Q],..-. As shown in Fig. 8, a conventional transfer roller has 
an elastic layer 15b formed on the outside of an 
electrically conductive core metal 15a. The elastic layer 

10 15b is provided with electrical conductivity. The transfer 

roller 15 is broadly classified into two types in accordance 
with the method for imparting an electrical conductivity. 
[0018] Out of these two types of transfer rollers, one 
type, which has an electronic conductivity, is provided with 

15 the elastic layer 15b shown in Fig. 8, the elastic layer 15b 

being formed by dispersing an electrically conductive filler 
thereinto. Examples include an EPDM (ethylene-propylene- 
diene copolymer) roller and a urethane roller each of which 
is formed by dispersing an electrically conductive filler, 

20 such as carbon or a metal oxide, thereinto. 

[0019] The other type of transfer roller 15, which has an 
ionic electric conductivity, comprises an ionic electric 
conductive material in the elastic layer 15b. Examples 
include a roller formed by providing an electrical 

25 conductivity to its material itself, such as urethane, and a 
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roller formed by dispersing a surface-active agent into the 
elastic layer 15b. 

[0020] The resistance of the transfer roller 15 is prone 
to vary depending on the temperature and humidity in the 
5 apparatus and energization time. As a result^ once a 

resistance variation of the primary transfer roller 15 have 
occurred, it is impossible to impart a proper charge to the 
above-described primary transfer region. This causes 
apprehension that an occurrence of primary transfer defects 

10 might be induced. 

[0021] Japanese Patent Laid-Open No. 10-133495 discloses 
a method for setting a transfer bias based on the 
temperature and humidity results but the amount of 
resistance variation due to energization during the image 

15 forming process cannot be predicted. 

[0022] Also, Japanese Patent Laid-Open No. 5-6112 
discloses a method that, in a pre-rotation process directly 
before an image forming (imaging) process, uses the transfer 
voltage at the time when a transfer voltage applied to the 

20 primary transfer roller 15 is increased step by step and a 
desired transfer current has been reached. However, if 
there is a large difference between a transfer voltage 
initially provided and an optimum transfer voltage, it will 
take much time to reach the desired voltage, that is, the 

25 image forming process (imaging process) will not readily 
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start. Thus, this method has a problem in that much time 
elapses before getting down to the image forming operation. 
[0023] To simplify circuitry, a constant voltage is used 
as a transfer bias. Specifically, in order to prevent the 
5 primary transfer defects caused by resistance variation of 
the primary transfer roller 15 during pre-rotation, another 
method- uses the relationship between the voltage applied to 
the primary transfer roller 15 and the current flowing 
through the primary transfer region to obtain resistance so 

10 that the primary transfer voltage applied to the primary 

transfer roller 15 is properly controlled. 
[0024] To detect resistance during the pre-rotation 
process, respective current values for applied predetermined 
voltages are detected, and based on these plural voltage and 

15 current values, a voltage-current characteristic function is 
specified to determine the resistance characteristic of the 
transfer roller. 

[0025] In the present description, the "pre-rotation" 
refers to a time period for which each image forming means 

20 operates within the time period between the time point when 

a signal from outside is transmitted to the image forming 
apparatus and the time point when the signal arrives at the 
position where a first developed image is transferred, i.e., 
a transfer portion. 

25 [0026] It is preferable that such a detecting operation 
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with respect to the resistance value of the transfer roller 
be performed at a time during non-image forming operation, 
that is, when no image formation is conducted. Accordingly, 
here, the resistance value detecting operation is performed 
5 at a pre-rotation process. However, with the time when 

image formation by the transfer roller is conducted being 
assumed as_a non-image formation time, the resistance value 
detecting operation may be performed even during an image 
forming process except during transfer process. 
10 [0027] The resistance value of the transfer roller for 

transfer control is detected when the surface potential of 
the photoconductive drum equals a non-image portion 
potential (exposed portion potential VI) . 

[0028] However, substantial time can also elapse before 
15 imaging actually occurs. When a plurality of predetermined 

voltages {e.g., voltages at three levels) are applied to the 
primary transfer roller 15 during pre-rotation and when the 
surface potential of the photoconductive drum 1 equals an 
exposure potential of each of the colors, the primary 
20 transfer roller 15 is rotated at least three times per color 
for a total of twelve rotations for four colors since the 
primary transfer roller 15 must be rotated once per unit 
level of voltage. This causes substantial time to elapse 
during the pre-rotation stage between the start of operation 
25 and the formation of a first image on the transfer material 
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20, so that productivity is reduced. 

SUMMARY OF THE INVENTION 

5 [0029] Accordingly^ the present invention provides an 

image forming system and method capable of quickly 
determining, an optimum transfer bias value and improving the 
productivity without causing any transfer defects. 
[0030] In one aspect, the method determines, during a 

10 pre-rotation period, a proper transfer bias for each one of 
a plurality of colors. The proper transfer bias is applied 
to a primary transfer member, which enables transfer of the 
color images from a photoconductive drum so as to generate 
full color images. Among other steps, the method includes 

15 the steps of providing a photoconductive drum having an 
image region and a nonimage region, and determining a 
plurality of exposure bias voltages for the nonimage region, 
wherein each exposure bias voltage corresponds to a 
respective one of the plurality of colors. 

20 [0031] For the first color, the method determines a 

proper transfer bias voltage by, applying a first exposure 
bias voltage corresponding to the first color to the 
photoconductive drum, and then applying at least two 
predetermined voltages to the primary transfer member, in 

25 order to obtain at least two currents corresponding to the 
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two predetermined voltages during rotation of the primary 
transfer member. 

[0032] Thereafter, the method uses the two currents and 
predetermined voltages to determine the proper transfer bias 
5 voltage for the first color, and for all subsequent colors, 

it determines a proper transfer bias voltage for each 
subsequent color by employing the first exposure bias 
voltage and the exposure bias voltage for the subsequent 
color . 

10 [0033] In another aspect, the present invention provides 

an image forming apparatus that includes an electrifier for 
electrifying an image carrier; an exposure unit for forming 
an electrostatic latent image by exposing the electrified 
image carrier; a developing unit for developing the 

15 electrostatic latent image on the image carrier with toner, 
the developing unit having a plurality of developing devices 
each having toner of a mutually different color; a transfer 
unit that, in a transfer portion, electrostatically 
transfers toner images of different colors that are 

20 sequentially formed on the image carrier, to a transfer 

medium, with one color toner image superimposed on another, 
the transfer unit comprising a transfer member for causing 
the transfer medium to make contact with the image carrier, 
and a voltage applying unit for applying a voltage to the 

25 transfer member; a current detector for detecting the value 
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of a current flowing when the voltage application by the 
voltage applying unit is performed; and a controller for 
determining, at a time except during a transfer operation, 
the value of a transfer voltage to be applied to the 
5 transfer member during the transfer operation, based on the 
detection results obtained when the current detecting 
operations by the current detecting unit were performed. In 
this image forming apparatus, based on a first detection 
result obtained when the current detecting operation was 

10 performed, the control means determines a first transfer 

voltage value to be obtained when the toner image of a first 
color is transferred to the transfer medium, when a non- 
image portion at the time during the formation of an image 
of a first color in the image carrier passes through the 

15 transfer portion before the toner image of the first color 
is transferred to the transfer medium. Also, in this image 
forming apparatus, based on the first detection result, the 
potential value of a non-image portion at the time during 
the formation of an image of each of a second and later 

20 colors in the image carrier, and the potential value of the 

non-image portion at the time during the formation of an 
image of the first color in the image carrier, the control 
means determines each transfer voltage value to be obtained 
when the toner image of a respective one of the second and 

25 later colors is transferred to the transfer medium. 
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[0034] Further features and advantages of the present 
invention will become apparent from the following 
description of the preferred embodiments with reference to 
the attached drawings . 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0035] Fig. 1 is a schematic block diagram of an image 
forming apparatus according to an embodiment of the present 
10 invention. 

[0036] Fig. 2 is a diagram of surface potentials of an 
image carrier in various image forming operations according 
to the present invention. 

[0037] Fig. 3 is a graph showing the relationship between 
15 the non-image portion potential and the image density on the 

image carrier according to the present invention. 

[0038] Fig. 4 is a graph showing an example of detection 

results of resistance values of the transfer member 

according to the present invention. 
20 [0039] Fig. 5 is a schematic block diagram showing an 

example of a conventional image forming apparatus. 

[0040] Fig. 6 is a diagram showing an example of surface 

potentials of the image carrier in the conventional image 

forming apparatus . 
25 [0041] Fig. 7 is a diagram showing another example of 
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surface potentials of the image carrier in the conventional 
image forming apparatus. 

[0042] Fig. 8 is a perspective view showing an example of 
a transfer member. 
5 [0043] Fig. 9 is a flowchart regarding the transfer 

control in the present invention. 

[0044] Fig.. 10. is a diagram of another type of image 
forming apparatus to which the present invention can be 
applied. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

[0045] Hereinafter, the image forming apparatus according 
to the present invention will be described in more detail 
15 with reference to the accompanying drawings. 

First Embodiment 

[0046] Fig. 1 shows is a schematic block diagram of a 
color image forming apparatus according to a first 

20 embodiment of the present invention. 

[0047] In Fig. 1, a photoconductive drum 1, which is a 
drum-shaped electro-photographic photoconductor serving as 
an image carrier, rotates in the direction of the arrow A. 
On its surface, an electrostatic latent image is formed by 

25 the well-known electro-photographic process. An 
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electrifying means or electrifier 2 is disposed along the 
rotation direction of the photoconductive drum and an 
exposure unit 3 or image forming means exposes toner image 
portions on the photographic drum. For color images, toner 
5 colors for each of C and K colors are employed. A 

yellow (Y) developed image (toner image) is formed from the 
electrostatic latent image by a developer device 4Y, mounted 
on a rotary developing unit 8 . Under the rotation of the 
photoconductive drum 1, the toner image is primarily 

10 transferred to an intermediate transfer belt 9, in a primary 

transfer portion opposed to the intermediate transfer belt 9. 
Thereafter, toner images of magenta (M) , cyan (C) , and black 
(Bk) , respectively, are sequentially formed on the 
photoconductive drum 1 in this order by the other developing 

15 devices 5M, 6C, and 7K, mounted on the rotary developing 
unit 8, and they are transferred onto the intermediate 
transfer belt 9 with one color image superimposed on another. 
[0048] Potential detector 22 for detecting the surface 
potential of the photoconductive drum 1 is located opposite 

20 the photoconductive drum 1 between the exposure unit 3 and 

the rotary developing unit 8, and density detector 23 for 
detecting the density of a developed image (toner image) on 
the photoconductive drum 1 is opposed to the photoconductive 
drum 1 between the rotary developing unit 8 and the primary 

25 transfer portion. A drum heater 34 maintains constant the 
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temperature' around the surface of the photoconductive drum 1, 
and adjusts the moisture content in the atmosphere. 
[0049] As described above, in the developing position of 
the photoconductive drum 1, there is provided the rotary 
5 developing unit 8 mounting the developing devices 4Y, 5M, 6C, 
and 7K corresponding to the colors yellow (Y) , magenta (M) , 
cyan (C) , and. black (Bk) , respectively. By developing an 
electrostatic latent image using some of the developing 
devices 4Y, 5M, 6C, and 7K, a toner image is formed. 

10 [0050] The intermediate transfer member (intermediate 

transfer belt) 9, functioning as a transfer medium, abuts 
against the surface of the photoconductive drum 1. The 
intermediate transfer member 9 rotates in the direction of 
the arrow B in a state of being tensioned by a plurality of 

15 tensioning rollers 10 to 14. In this embodiment, the 

tensioning rollers 10 and 11 are disposed in the vicinity of 
the primary transfer position, and they are driven rollers 
made of a metal and used for forming a flat primary transfer 
surface Ta of the intermediate transfer belt 9. The 

20 tensioning roller 12 is a tension roller adapted to regulate 

the tension of the intermediate transfer belt 9 to a 
constant value; the tensioning roller 14 is a driving roller 
for the intermediate transfer belt 9. The tensioning roller 
13 is an opposed roller for a secondary transfer, 

25 [0051] The material of the intermediate transfer belt 9 
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may be a resin, such as polyimide, polycarbonate, polyester, 
polypropylene, polyethylene terephthalate, acryl, or 
polyvinyl chloride, or one of various kinds of rubbers each 
of which contains an appropriate amount of carbon black, 
5 serving as an antistatic agent, and each of which has a 

volume resistivity of 10® to lO""^^ [Q-cm] and a thickness of 
0.07 to O.l-^Lmm] . 

[0052] The primary transfer roller 15, which serves as a 
transfer member, abuts against the rear surface side of 

10 intermediate transfer belt 9. By applying a transfer bias, 
which has the positive polarity opposed to the polarity of 
the electrification polarity of toner, to the primary 
transfer roller 15 via transfer voltage source 31, a toner 
image on the photoconductive drum 1 is primarily transferred 

15 onto the intermediate transfer belt 9. 

[0053] As shown in Fig. 1, there is also provided a 
secondary transfer roller 16 abutting against the toner 
image carrying surface of the intermediate transfer belt 9. 
The tensioning roller 13, which is grounded, is disposed on 

20 the rear surface side of the intermediate transfer belt 9 

and constitutes a counter electrode with respect to the 
secondary transfer roller 16. The secondary transfer roller 
16 is subjected to a secondary transfer bias having an 
opposite polarity with respect to the polarity of the toner 

25 applied by secondary transfer bias source 33. 
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[0054] A belt cleaner 21 clears toner residue remaining 
on the intermediate transfer belt 9. In this embodiment^ 
after being once positioned and stopped by registration 
rollers 11, the transfer material 20 is delivered to the 
5 secondary transfer position at a predetermined time. After 

that, the transfer material 20 is conveyed to a fixing unit 
(not shown) by_ a conveying member (not shown) , and a toner 
image is melted and fixed to the transfer material. 
[0055] Descriptions will now be given about a method for 
10 applying a proper transfer bias, in the above-described 

image forming apparatus, to the primary transfer roller 15 
irrespective of the variations in the resistance value of 
the primary transfer roller. 

[0056] Although any compatible toner type can be employed, 
15 in the present embodiment, the toner used is of a type that 

is negatively electrified, and of a type such that the 
photoconductive drum 1 is positively electrified. The 
developing operation is performed by the normal developing 
method, as shown in Fig. 2. 
20 [0057] Here, while the potential detector 22 monitors the 

surface potential of the photoconductive drum 1, first the 
drum is uniformly electrified by the electrifier 2 to a drum 
potential (image portion potential) Vd, at which a toner 
image is developed, and the exposure unit 3 exposes a non- 
25 image portion region, where toner is not transferred onto 
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the surface of the photoconductive drum during development, 
and de-staticizes the non-image portion region to the 
exposure potential (non-image portion potential) VI. 
[0058] In this situation, as shown in Fig. 1, in the 
5 image forming process, when the developer device 4Y moves to 
the developing position of the photoconductive drum 1, a 
development potential. Vdc is applied to this developer 
device 4Y. The Y toner, which has been negatively charged 
in the developer device 4Y, moves onto the photoconductive 

10 drum 1 and becomes a first developed image (toner image) , in 
accordance with the tribo-electric charge of the toner per 
unit mass (i.e., tribo) and the potential difference between 
the drum potential Vd on the surface of the photoconductive 
drum 1 and the development potential. That is, Vcont = Vd 

15 (image portion potential) - Vdc (development potential) as 

shown in Fig. 2. 

[0059] Regarding the first toner image developed, its 
density D is detected by density detector 23 shown in Fig. 1. 
Then, Vcont can be varied by maintaining Vd and Vback (which 

20 equals Vdc - VI) fixed, and then values of VI and Vdc are 

varied by adjusting the exposure amount of the exposure unit 
3 in order to vary the value of Vcont. In this situation, 
the Y toner is again developed, and the toner density 
thereof is detected by the density detector 23. By 

25 repeating this operation, a proper density Dy of the Y toner 
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and the corresponding non-image region potential Vly is 
determined, based on the relationship between the density D 
and the non-image region potential VI, as shown in Fig. 3. 
[0060] Likewise, the above processing is performed with 
5 respect to the M, C, and Bk toners of the other colors. 

Thereby, the exposure potentials (nbn-image portion 
potentials) Vim,. Vic, .and Vlk, respectively, allow for 
proper densities Dm, Dc, and Dk for each of the colors, and 
the respective corresponding exposure amounts by the 

10 exposure unit 3 are determined (step S3 shown in Fig. 9) . 

[0061] Thus, the non-image region potentials Vly, Vim, 
Vic, and Vlk for the respective colors are determined. 
[0062] Next, with reference to the flowchart in Fig. 9, 
the process for determining the transfer bias to be applied 

15 to the primary transfer roller 15 will be described. 

[0063] When the image forming apparatus according to this 
embodiment receives a signal of imaging start, first a 
resistance value of the primary transfer roller 15 is 
detected at the time when the first developed image (herein 

20 the Y toner image) formed by the developer device 4Y, 

serving as the first developing device, is transferred to 
the intermediate transfer belt 9. Specifically, before 
toner image is conveyed to transfer material 20, the 
photoconductive drum 1 is electrified to Vly determined as 

25 described above (step S4) . While the primary transfer 
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roller 15 is making a round, a first primary roller transfer 
bias VI is applied thereto. For each 1/8 time period of the 
time period during which the primary transfer roller 15 
makes a round, a respective one of the corresponding current 
5 values is detected by the current detector 30, and II is 
determined by averaging the detection results (step S5) . 
[0064] Furthermore, second and third primary roller 
transfer biases V2 and V3 are applied to the primary 
transfer roller 15, and corresponding currents 12 and 13 are 

10 determined, respectively, by the current detector 30 (steps 
S6 and S7) . Then, by a control mechanism (not shown), 
serving as resistance value detecting means and provided in 
the image forming apparatus, a current-voltage relationship 
in the primary transfer portion at the time when the 

15 photoconductive drum 1 has a surface potential of Vly, that 
is, a detection result of the first resistance value, as 
shown in Fig. 4, is obtained. From this relationship, the 
transfer bias Vty for the Y toner image during imaging 
operation is determined by interpolation so that the current 

20 during the primary transfer may become a proper current Ity 
(step S8) . In this manner, a proper transfer bias Vty can 
be applied to the primary transfer roller 15 to produce a 
proper current Ity in accordance with the present invention. 
Such a transfer bias control is executed by control means 50 

25 (shown in Fig. 1) . 
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[0065] For the Y toner image, the resistance value of the 
transfer bias is detected by rotating the primary transfer 
roller 15 once for each of the reference values VI, V2, and 
V3 (first, second and third primary roller transfer bias) . 
5 Thus, this resistance value detection is completed in three 

rotations of the primary transfer roller 15. 
[0066] Next, ..resistance value detection for determining 
proper bias for M, C, and BK toner images values is 
performed. Conventionally, resistance value detection 

10 similar to that of the first color is implemented for the 
other colors, which takes a relatively long time. In 
contrast, in the present invention, transfer biases Vtm, Vtc, 
and Vtk are determined by using the non-image portion region 
potentials (exposure potentials) Vly, Vim, Vic, and Vlk, 

15 which were already determined, as described above. 

[0067] First, primary transfer currents to be passed in 
the imaging processes of the M, C, and Bk toners are assumed 
to be Itm, Itc, and Itk, respectively. 

[0068] Since a resistance value of the primary transfer 
20 roller 15 is required (step S9) , the transfer biases Vm, Vc, 

and Vk required to pass the currents Itm, Itc, and Itk when 
the photoconductive drum has a potential of Vly, are 
determined by interpolation from the current-voltage 
relationship in Fig. 4, which was determined with respect to 
25 the Y toner image, which is the first toner image. The 
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transfer biases Vty, Vtm, Vtc, and Vtk for the respective 
colors are determined from formulas (1), (2), and (3) shown 
below (step SIO) . As can be seen from Fig. 2, each of the 
values of Vcont and Vback is common among the Y color and 
5 the other colors^ and therefore, by adjusting the difference 
in exposure potential VI of each of the other colors with 
respect to Vly, a_-transfer bias fitted for a respective one 
of the other colors can be determined, based on the 
detection result of the resistance value with respect to the 
10 y toner image. 
[0069] 

Vtm = Vm + (Vim - Vly) ... (1) 

Vtc = Vc + (Vic - Vly) ... (2) 

Vtk = Vk + (Vlk - Vly) ... (3) 
15 [0070] The use of Vty and the calculated transfer biases 

Vtm, Vtc, and Vtk of the respective colors makes it possible 
to properly impart a charge having an opposite polarity with 
respect to toner from the primary transfer roller 15 to the 
intermediate transfer belt 9 during the primary transfer of 
20 the toner of each of the colors, even though the resistance 

of the primary transfer roller 15 varies and values of VI 
vary from color to color. 

[0071] In conventional systems, when the transfer bias of 
the primary transfer portion is determined after the image 
25 forming apparatus has received the signal of imaging start, 
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it has hitherto taken time corresponding to three rotations 
for each of the colors Y, C, and Bk, and twelve rotations 
for all these colors to obtain a current-voltage 
relationship in the primary transfer portion to thereby 
5 determine transfer biases, whereas in this embodiment, the 
time can be reduced to a time corresponding to the three 
rotations required, to detect the resistance value with 
respect to the Y toner. In other words, the time period 
between the receipt of the signal of imaging start and the 

10 process in which the toner image is secondarily transferred 
to the transfer material 20 and is fixed, can be reduced. 
Note that this time period is also referred to as "pre- 
rotation" which refers to a time period for which each image 
forming means operates within the time period between the 

15 time point when a signal from outside is transmitted to the 

image forming apparatus and the time point when the signal 
arrives at the position where a first developed image is 
transferred, i.e., a transfer portion. 

[0072] In the resistance value detection with respect to 
20 the first toner image, the voltage to be applied to the 

primary transfer roller by the transfer voltage applying 
means can have any levels that is not less than two. 
However, too many levels increase the number of rotations of 
the primary transfer roller, resulting in a large 
25 expenditure of time. 
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[0073] In this embodiment, the present invention has been 
implemented in an image forming apparatus of intermediate 
transfer type, but it can also be incorporated in an image 
forming apparatus in which a toner image is directly 
5 transferred from an image carrier to a transfer material, 

serving as a transfer medium, and more specifically, in its 
transfer system in .which transfer is performed from the 
image carrier to the transfer material. 

[0074] For example, the present invention can also be 
10 incorporated in the transfer portion of an image forming 

apparatus as shown in Fig. 10. In Fig. 10, while carrying 
and feeding the transfer material 20 to a transfer drum 80 
serving as a transfer material carrier, the apparatus 
transfers toner images of respective colors sequentially 
15 formed on the photoconductive drum 1 with one color image 

superimposed on another. The transfer material 20 after 
completing transfer is separated from the transfer drum 80 
by a separation pawl, and conveyed to a fixing unit (not 
shown) . The present invention can be applied to control the 
20 transfer portion using the transfer roller 15 of the present 

invention . 

[0075] The number of developing devices and the kind of 
colors are not particularly limited. Furthermore, the size, 
material, shape, and relative position of the components and 
25 the like of the image forming apparatus described above are 
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not restricted by any of the details of description, unless 
otherwise specified, but rather are to be constructed 
broadly within the scope of the present invention. 

5 Second Embodiment 

[0076] As in the case of the first embodiment, in a 
second embodiment also, .any toner used is of a type that is 
negatively electrified, and of a type such that the 
photoconductive drum 1 is positively electrified. The 
10 developing operation is performed by the normal developing 
method, as shown in Fig. 2. 

[0077] This embodiment is different from the first 
embodiment only in that temperature and humidity information 
is used in this embodiment when determining the value of VI 

15 for each of the colors. 

[0078] While monitoring the surface potential of the 
photoconductive drum 1 by the potential detector 22, firstly 
the photoconductive drum 1 is uniformly electrified by the 
electrifier 2 to the potential Vd, at which a toner image is 

20 developed, and a region where no toner image is developed is 
exposed by the exposure unit 3 and de-staticized to the 
potential VI. 

[0079] In this situation, as shown in Fig, 1, when the 
developer device 4Y moves and is located at the developing 
25 position of the photoconductive drum 1, a developing bias. 
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constituting a development potential Vdc, is applied to the 
developer device 4Y. The Y toner, which has a negative 
polarity developer device 4Y moves onto the photoconductive 
drum 1 and is developed based on both a factor known as 
5 tribo, which is the tribo-electric charge of the toner per 
unit. mass, and a difference in potential between the drum 
potential Vd on the_ surface. of the photoconductive drum 1 
and the developing potential Vdc thereon produced by the 
developing bias, that is, Vcont = Vd - Vdc as shown in Fig. 
10 2. 

[0080] Because the tribo of toner varies depending on the 
absolute moisture content, for the Y toner, there exists 
VcontY, which is Vcont at which a proper toner is developed 
with some absolute moisture content provided. The same goes 

15 for the other colors M, C, and Bk. Therefore, with equal 

absolute moisture contents provided, the proper values of 
Vcont of the respective colors Y, M, C, and Bk, that is, 
VcontY, VcontM, Vcont C, and VcontBk are determined. 
Accordingly, fixing Vd and Vback, and adjusting Vcont of the 

20 respective colors allow the VI values of the Y, M, C, Bk 

toners of the respective colors, that is, Vly, Vim, Vic, and 
Vlk, to be naturally determined. 

[0081] In this embodiment, therefore, VI values fitted 
for the respective colors are determined in advance for each 
25 of the absolute moisture contents, which are based on 
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temperature and humidity information sensed by temperature 
and humidity sensor 60. 

[0082] Here, while monitoring the surface potential of 
the photoconductive drum 1 by the potential detector 22, the 
5 photoconductive drum 1 is uniformly electrified by the 

electrifier 2 to the potential Vd, at which a toner image is 
developed, and then , exposure amounts in which the non-image 
region potentials Vly, Vim, Vic, and Vlk for the respective 
colors are provided by the exposure unit 3, are determined . 
10 [0083] Next, the control with respect to the transfer 

bias to be applied to the primary transfer roller 15, will 
be described. 

[0084] When the image forming apparatus according to this 
embodiment receives a signal of imaging start, as in the 

15 case of the first embodiment, without the conveyance of the 
transfer material 20, firstly the photoconductive drum 1 is 
electrified to Vly determined by now, and while the primary 
transfer roller 15 is making a round, a transfer bias VI is 
applied thereto. For each 1/8 time period of the time 

20 period during which the primary transfer roller 15 makes a 
round, a respective one of corresponding current values is 
detected by the current detector 30, and II is determined by 
averaging the detection results. 

[0085] Furthermore, transfer biases V2 and V3 are applied 
25 to the primary transfer roller 15, and corresponding 
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currents 12 and 13 are determined, respectively, by the 
detection by the current detector 30. Then, by a control 
mechanism (not shown) serving as resistance value detecting 
means and provided in the image forming apparatus, a 
5 current-voltage, relationship in the primary transfer portion 

at the time when the photoconductive drum 1 has a surface 
potential of Vly is obtained, as shown in Fig. 4. From this 
relationship, the transfer bias Vty for the Y toner image 
during imaging operation is determined by interpolation so 
10 that the current during the primary transfer may become a 
proper current Ity. 

[0086] The transfer biases Vtm, Vtc, and Vtk for M, C, 
and BK toner images of the other colors are determined as 
described below by using the non-image portion region 
15 potentials (exposure potentials) Vly, Vim, Vic, and Vlk, 
which have been determined above. 

[0087] First, primary transfer currents to be passed in 
the imaging processes of the M, C, and Bk toners are assumed 
to be Itm, Itc, and Itk, respectively. The transfer biases 

20 Vm, Vc, and Vk required to pass the currents Itm, Itc, and 

Itk when the photoconductive drum has a potential of Vly, 
are determined by interpolation from the current-voltage 
relationship in Fig. 4, which has been determined by the 
resistance value detection with respect the Y toner image, 

25 which is the first toner image. The transfer biases Vty, 
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Vtm, Vtc, and Vtk of the respective colors are determined by 
calculating the following formulas (4), (5)^ and (6). 
[0088] 

Vtm = Vm + (Vim - Vly) ... (4) 
5 Vtc = Vc + (Vic - Vly) ... (5) 

Vtk = Vk + (Vlk - Vly) ... (6) 
[0089] The use of .the . calculated transfer biases Vty, Vtm, 
Vtc, and Vtk of the respective colors makes it possible to 
properly impart a charge having an opposite polarity with 

10 respect to toner from the primary transfer roller 15 to the 
intermediate transfer belt 9 during the primary transfer of 
the toner of each of the colors, even though the resistance 
of the primary transfer roller 15 varies and values of VI 
vary from a color to color. 

15 [0090] As described above, when the transfer bias with 

respect to the primary transfer portion is determined after 
the image forming apparatus has received the signal of 
imaging start, it has hitherto taken time corresponding to 
three rotations for each of the colors Y, M, C, and Bk, and 

20 twelve rotations for all these colors to obtain a current- 
voltage relationship in the primary transfer portion to 
thereby determine transfer biases. However, in this 
embodiment, as in the case of the first embodiment, the time 
can be reduced to a time required for three rotations. In 

25 other words, the time between the receipt of the signal of 
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imaging start and the process in which the toner image is 
secondarily transferred to the transfer material 20 and is 
fixed, can be reduced. 

[0091] As described above, in this embodiment, by sensing 
5 an absolute moisture content in the apparatus by the 

temperature and humidity information sensing means, and 
thereby adjusting the expoaure potential to detect the 
resistance value, it is possible to stably apply a proper 
transfer bias even if environmental conditions widely vary. 

10 [0092] While the present invention has been described 

with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 

15 modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



